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XIIL Remarks on fpecific Gravities taken at diff^erent Degrees of 
Heat^ and an eafy Method of reducing them to a common Stan- 
dards By Richard Kirwan, Efq. Fr R..S. 



Read February ty^ ^7^^S' 

THAT a comparative view of the weights of equal volumes 
of water and ail other fubftances is highly uleful on 
many occafions, is too well known to require any proof; but 
that a principal ufe refulting from this comparifon^ when pro- 
perly made, is unattainable by a perufal of the common tables^ 
I fhall here endeavour to Ihew, and at the fame time point 
out a remedy for this defedl. 

One capital advantage derivable from a table of fpecific gra- 
vities, is the knowledge of the abfolute weight of any folid 
meafure of the fubftances therein contained, or that of .the folid 
meafure of a given weight of thofe fubftances, a cubic foot of 
water being fuppofed to weigh looo ounces avoirdupois, and 
confequently a cubic inch of water weighing 253,182 grains. 
But the authors who havedifcovered this equation of weight and 
meafure, and all thofe who have lince treated this fubje6t, have 
negiefted to inform us of the temperature at which this agree* 
ment takes place ; yet that it cannot take place in all tempera- 
tures is evident from the experiments of Dr, Hai ley and 
others, who have found, that from a few degrees above the 
freezing to the boiling point, water is dilated about _^'-^ of its 
bulk; and, confequently, if 1000 ounces at the freezing point 
be equal to one cubic foot, they muft he equal at the boUiiig; 
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point to one cubic foot atid 66546 cubic inches. And If tlie 
dilatations are proportional to the degrees of heat throughout 
the fcale^ there muft be anaugmentation of 3^136 cubic inc^hei 
^er cubic foot, produced by every 10 degrees of heat. Both 
thefe points remain, therefore, to be determined ; firft^ at what 
temperature a cubic foot of water weighs exa6lly 1000 ounces 
avoirdupois ; and,2diy, whether the dilatations produced by fuc- 
ceflive degrees of heat are proportional to the degrees that pro- 
duce them. This laft point has indeed been handled by others^ 
but with different views 1 and their determinations arb riot eafily" 
applicable to the prefent queftion* 

To examine this matter experimentally^ 1 ordered a hollow 
tinned iron cone to be made, of four inches diameter in the 
bafe, one- tenth of an inch diameter in the fummit infide, and 
10 inches perpendicular height, whoie folid contents fliould be 
42^961 cubic inches, but by a flight diminution of the dia- 
meter, and a protuberance ariiing from the fbldering,. 1 found 
it to contain, in the temperature of 62% but 42^,731 cubic 
Inches, according to the eftimatidn of looo ounces to the: 
cubic foot ; and having filled it by immerfion in boiling water,, 
and taken it up at different degrees of. heat, and weighed it 
when cold, I found its contents as exprefled in the following 
table ; the flrft column of which fliews the. degrees, of heat at: 
which it was taken up ; the fecond,. the weight of the water. 
contained in it; the third, the diminution of weight occafioned : 
by thofe degrees of heat i the fourth, the fum of the diminu- ' 
lions of weight in the cubic foot? by the preceding degrees of" 
heat ; the fifth ilirews the weight of a cubic inch of water in 
each of thofe degrees of heat; and the fixth, the augmentation 
of bulk in the cubic foot by every 20"" of heat. The horizontal 
lioes^. marked thus '^^ 1 have added from the experiments of Mr.. 
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Blabh, in the Memoirs of the Academy of Stockholm for the 
year 1776, whofe determination Sj as far as they reached, agreed 
very nearly with mine. The water I nfed was common water 
well boiled and filtered* The experiments were for the moft 
part three times repeated, and the difference in each trial 
amounted to a very few grams. 
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Hence we fee, that a cubic foot of water weighs 485^3 grains 
more at 42"^ than at 62''^ and confequently is equal to 1001^109; 
avoirdupois ounces, and in the temperature of 82^ it weighs lefs 
than at 6a'' by 788,5 grains^ and therefore is equal to 998,1 pS 
ounces. At the boiling point it wants 1 6589 grains, or ^y^x^ 1 5 
ounces of the weight it poffeffes at 6;a°^ and confequently 
weighs but 963^085 ounces^ &c^ 
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In this calculation I take no account of the difference arifing 
from the expaniion of the veflel, it being only 0,067 of aii 
inch at the boiling point ; for, according to Bouguer, irbn is^ 
d- letted 0,00055 of its bulk from the freezing to the boiling 
point; confequently 42,961 cubic inches gain only 0,067 of ^^^ 
inch, augmenthig the diameter and perpendicular height of 
this fruftum of a cone at the boiling point in that proportion. 

Hence alfo we fee, that the expanfions of water are not pro- 
portional to the degrees of heat ; for by 20 degrees of heat from 
62"" to 82' a cubic foot of water is dilated only^, 1 2 inches, but by 
the next 20 degrees of heat, that is, from 82^^10 102'', it is 
expanded 5,7 inches, &c. 

Mr. Bladh found the volume of wat?er at 32^ to be equal 
^to that at 53^^56 ; but that this irregular expanfion ceafed at 36^6, 
>and, according to Mr. De Lug (who firft difcovcrad it) at 43''. 

As the expanfion of liquids by equal degrees of heat is much 
gireater than that of folids, it happens, that the fpecific gravi- 
ties of the fame folid taken at different temperatures will be 
different ; and, what appears more extraordinary, the fame folid 
will appear fpecifically heavier in higher than in lower tempera- 
tares ; for the fune volume of water being lighter in higher 
than in lower temperatures, the foUd will lofe lefs of its weight 
in it in the former than in the latter cafe; this miftake w^e 
rnay remedy by infpeding the fifth column of the foregoing 
table and the following analogy; as the weight of a cubic inch 
of water at the temperature of 62"" is to the weight of a cubic 
inch of water at n degrees of temperature, fo is the fpecific 
gravity found at n degrees of temperature to that which will 
be found at 62'^. 

Thus, if 1000 grains of Iron be weighed in water of the 
temperature of 62% and it lofes therein ^Sr^33 grains, if the 
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fame piece of iron be weighed In water of the temperature of 
75^5 it will lofe but 13,313 grains; for the lofics of weight 
will be as the weights of equal volumes of water at thofe tem- 
peratures, which, as we have feen, are as 253,18 to 252,8 ; there- 
fpre, its fpecific gravity in water of the temperature of 62° 
will be 7,49; and in water of the temperature of 75"". . 7,51 1 ; 
but we may corre<St^ this by the abova analogy, for 
^253^8.252,18 :: 7,511 .7,49- 

By this means we obtain the advantage of difcovering the 
true weight of a cubic foot^ of any fubftance whofe fpecific gra- 
vity is known, which it is now plain cannot be known when 
bodies are hydroftatically weighed at any temperature a few 
degrees above or below 62% without fuch redudion, or fub» 
trailing the quantities in the fourth column. 

This method is equally applicable, and witH equal neceffityj, 
to other means of finding fpecific gravitie^^, as areometers, the 
comparilbn of the weights of equal meafures of liquids, the 
different lofles of weight of the fame folid, when weighed in 
different liquids, &c. In all which cafes the weight of water 
at 62^, or the Idfs of weight of a folid in water at 62!, fhouM 
be found by the above analdgy. 

Dr. Hales and'fome others have eftimated the weight of a 
cubic inch of water at 254 grains, .which is an evident miftakfe^ 
as it is true in no degree of temperature, and produces an error 
of more than three ounces in the . cubic fooU . 






